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OrJOECr 



This irorK hss been oxperiaiental in character. The authors 
felt that a research thesis would be of greater interest and value 
than one of pure design since nueh design work has been covered In 
the elassrooM. This research problen was approached with two general 
objectives in view* first, to learn and to understand the problems 
and procedures connected with any research probleni and second, to 
investigate eone problem, the solution of t^lch sight prove useful 
in the eoientifle field. 

This subject was picked to give a feeling of pioneering In 
an uz»ieveloped field. As far as the authors can ascertain, no experi- 
mental results have besoi published on the subject of sensitisation of 
brittle coatings. 0. iSllis advances the claim that "If dye etchant is 
applied to the surface of the brittle coating while the structure is 
under load, the coating will be sensitised by 0.0006 in/in strain..... 
fthero there is no appreciable stress on the surface, the dye etched 
patterns will appear as haphasord erase narks. However, where there 
ia any appreciable amount of strain tho erase marks will straighten 
themselves out into a definite pattern. "(1} Also, " The results obtained 
by sensitisation are to be considered wholly qualitative in character^ 
tl^r primary function being to obtain diredtion of principal stresses "(2). 

In ths field of stress analysis, if this sensitivity of the 
brittle coating could be increased such that it would be possible to 
read strains of the order of 0.0002 in/in with consistency, it would 
greatly aid and encourage the use of the bzdttle coating ssthod of 
stress analysis. The general objeotivas have been stated, but the 
specific investigation isto cheek the manufacturer’s claim for the 
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eff«otiT«a«ss of •bchlng imd«r lo«d iuid to und«rt«k« a cocpreheno 
■It* Inristlgation of the effeot of heat treataent. 

The authors will draw ccmclualone from the results and will 
Bake suggestions for the continuation of the woii;. irregularities 
that appear vill be accosspanied by explanations of the probable 



causes* 



THBOKI AND UaE OF BRITTLE CuATIItOS 



In 1932« th* a«raan «ci«nti8ts Dietrich and Lehr published the 
first recognized work on the use of brittle coatings for the indication 
of strains in the elastic range. In 1937> the first major investigation 
in this countiy was conducted by Q* Ellis of Massachusetts Institute of 
Technology* and since that date there have been many improvements and 
modifications of the original technique* materials* and equlpeient. Of 
the many brittle materials idiich might be applied to stress measuresient* 
the one most used today is a brittle z*esin in volatile solvent type lac- 
quer material* The most widely used coating is a proprietary solution 
called "Stresscoat" which is manufactured by Magnaflux Corporation, 

The coating is applied to the surface to be investigated by 
spraying rather than dipping or brushing because spri^lng is easier* 
and also beeause the peculiar property that mall bubbles included into 
the coating improve the quantitative accuracy of the strain pattern for- 
mation, Best drying time Is 18 to 2h hours* Stressing the surface of 
a structure by adding load causes the brittle coating to fracture when 
a certain critical value of tension strain is reached. From a quantitative 
standpoint* this critical value of the strain which just Initiates pattern 
formation is the most important measurement which can be made with a 
brittle coating. Patterns run at right angles to the principal tension 
stress, "The brittle coating may be thought of as providing a lai^e 
ms&ber of principal tension strain indicators with a minimum gauge length 
of 0,05 inch and with a workable range of approximately 0,0007 to 0,0012 
in/in strain,"(3) 

Quantitative evaluation of the amount of strain is secured by 
calibration, A calibration strip of spring steel IP'^xl'bct” is sprayed 
and dried along with the structure under test. The most convenient 
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flMtihod of calibration dovlaad ia a caritiXavar bean aodar Known define- 
tlon loading. The loading rig (fig. 6 and 7) oabodiea an ad;}ustffient 
acrew at tlie fixed end to bring the atrip in contact with the oaa and 
a COB of definite deflaetlon. Thio fJeflectlon ia au«h that the upper 
surface of a coating O.OOU inch thick on the test atrip will receive 
the graduated aeount of strain along the atrip froK a at t^xe 

fixed end to aero under the os». The testing procedure Is sinply to 
plaee the coated wjd dried strip ia the loading idg, adjust the strip 
so that it wiXl Just touch the bottoa of the am, and deflect the cm 
to its full exte«t. Befereuoe aiarks can be eadc on the stidlp opposite 
the characteristic patterns being investigated. After release from the 
calibrators^ the calibration strip is placed in a strain seiile (fig. 3) 
which, la mailed off in terns of the strain ijiposed on the atrip by the 
fixed cm defleotlcn, iSvaluation of the strains on a etmetuj^ is . ade 
by usatching the jregularity of the crack patterns on ttie structure and 
on the calibration strip ratlter than by countlits the nmber of lines 
per ineb. 

"Since the rar^e of strain itjioh can be evaluated ts esssllar 
than the range present on eost structurea another principle »u»t be 
utilised in order to effect a cc^plete anrd.ysis. If the assxuRption is 
aiade that Hooke's law holds over the entire struotursf loeal strains 
at different values of loading on the structure can be measured and 
siuple proportion one can Interpolate or extrapolate all local strains 
to oorrespend to aror value chosen. Xn general hooke'e Lae is a good 
approxlaatton to actual perfotsaaciee, and, in practice, etraotures ehieh 
seriousiy deviate from it arc fairly *&s)i to recognise.* (3) 

*Cn aieaa of »oaerate strain concentration values of principal 
tension ami co«prea*ion stratna say be estimated within an error of al»ut 
fifteen percent. The direction of the principal strains is indicated 
with exceptional precision. "(3) 



C>«splte thttlr brltt.Xen«s» th« coating* are quite plastioj and 
tha a«ount of atrain neoessary to crack a coating varies with the ticie 
taken to reach the load. Oorreotion for creep is therefore an lisportsKit 
factor in obtaining quantitative aeasureaents. Correction jeay be had 
either by loading all bodies involved in tho teat in the same length of 
tiaej or else by loaditig at a constajit rate, observing the time at i^dch 
pattextis firet appear, and correcting all values to a cecsion time of 
loading by neans of a chart of creep curves (fig. 2), 

The main disadvantage of 3tx*es9coat is that the resin materi- 
als are sensitive to teeperature variation* and therefore sbovild be 
used «itere the t«apcratnr« does not vaty more than 5®F during the load- 
ing cycle. Because the coatings are so sensitive to tsa^^erature and 
husidity. It is necessary to use different coatings to obtain the same 
degree of sensitivity (i.e., the *®ount of atraiix necessary to initiate 
pattern formation) under different vreaUisr conditions prsvaillTsg on 
different tests. For varioue teeperatures and hxiosdditieg the r anafastux^ 
era of Gfcresacoat have developed a series of nimitered coatings, and for 
a given tamperature and haaoidity condition there is a certain optiKusa 
coating. Over twenty coatings )Ore available, so that for ar^ weather 
condition there are coatir>gs of several atrain sensitivities. 

A xmlfonaly bright background is a grsafc help in observii^ 
the stress pattern easily. It also aids in applying the brittle coat- 
ing by supplying a uniform background against which the thickness of 
the brittle coatings gives a charactsristic color. An alusilnxsn pig- 
sented underooatlng provides an excellent background. It is possible 
to apply the undercoating and have it dry sufficiently ndthia fifteen 
minutes to cause no adverse effect on the brittle coating. 

A red dyo etchant solution serves several useful purposes. 






99* m 









• m mm 



M 4 ^ 



ig p— I • 

• m mrnmmt #«!•••• 

P^ri 
■i# 



mm m 



4 $ n m 




mm iJKl$ #MI« 









9 M 



#«l 



il€l 



t. 



9 t • 

A mk • 



1 



t^ 0 m wlA 



« 

r 



7 



FomulAt*d of solYont iriLth a haavy ccnciantration of organic dye«, the 
etchant reacts on the surface of the brittle coating in a nanner s1jq~ 
ilar to acid on etoal, Tiio organic solvent etchant preferentially 
attacks acy cracks wi;ether visible or Invisible to the eye. The r«d 
d^e helps to delineate the pattern by woricing its eay into the strain 
pattei'n and coiloring the cracks red. This is especially h«Q^ful for 
saking photographs of the pattern because the contrast is not sufficient 
idien the piece has not been dye etched. In the CISJi^T the author© have 
included another use for rty® stchaxit reoomonded by the eanafaciurer# 
the use of the etchant to sensitise tho coating. 

The folloelng is an outline of the visual steps in an ordinary 
Stresscoat analysis t • 

hRSPAiili 3UaFAC£. 

Heisove loose scale* grease* and paint, 

UiffliJRCOATl.a. 

Spr«i^ alvailnua undercoat ing on structure to be investigated 
and on ckUbration strips. Alloisr 15 nlnutes to dry before preceding. 
3SLSGT COATIMO. 

In order to obtain satisfactory results and know the quantity 
of strain indicated by the initial forwation of strain patterns, it 
is necessary both to select the proper ceating and to calibrate it 
for every test, Coatinge are selected for conditions prevailing at 
the tiaie and place etvere drying and testing will be done. The vwt and 
dry bulb tetaperaturea are measured by aaeana of a slixsg psychroaeter. 
Using these readings the proper coating is selected fro® the Coating 
Selection Chai't (fig. 1). The coating maaber wlvlch lies in the space 
between two curves wtiere the intersection of the two taeperatures falls 
la the optifflusi coating aiid is best for average use. This coat will 
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hav« « sensitivity of 0.000? to 0,0008 In/ln. Each costing under its 
deelgnated or optlauet coitditlons «ct« the saee as all others under 
their optiKum conditions. If a icore sensitive coating is deslredj the 
next higher nuaber coating should be used. Conversely, lower number 
costings will be less sensitive, 

APfLT C0f.TIJ^. 

Stresscoat Is applied by sprciying. The nocsle is held two 
to five inches fro® tb« wora, and the gun is noved parallel to the 
work. As the spri^ng progresses, the color of the coating changes 
fro® apparently clear to e definite yellow to a light bro^m. The 
yellow tinge irddcates the laost slesiracl® thdeknsss, fros 0,003 to 
0,006 inch, 

QM QQATim, 

The stmcture ani calibration strips are dried together under 
as near the sieae conditions as possible. IsinimiBa drying time Is six 
hours, 

TS3T OTSOCTlfRl: ASO CAilBIUTlwJI STRIP. 

Calibration strip is placed in the calibrator and loaded by 
the ceiR as preriously explained. The load is rt«;oved and the strip Is 
placed in the strain scale. The value of atralnaat the lowest pattern 
is the sensitivity, ITie 9 ti*ucture is leaded and teste i as desired, and 
thie strain on the structure at the lowest pattern is the sarce as that 
on the calibration bar. Creep correction io £saite either by loadl.ng the 
caJ-ibration strip in Wie sarce length of time taken to apply the load oii 
the structure or by loading tee calibration strip in one second and 
correcting for tb© actual lojwiing tiss© by use of the creep coirection 
chart (fig. 2). 
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etch after coRplatlon of tas^t bj brushing on etcbaat, 
slping It off after one minute^ and washing strip with etchant mvl- 
sifier. This enables results to be read nore easily and store accurately* 
and also permits photographing the pattern* 

TIte above is standard procedure. Any deviation from this 
techrtLque by the authors will be discussed in another section* 
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fittforc any testa imre B«do» it was nsGessaxy to construct 
twslTC extra calibration strips. Th(^ wars isads of spring steal 
12*atl"x:4*'> an exact eof^ir of the calibration strips furnished with 
the Stresscoat equipasnt. After beeoaing fairly proficient in the 
use of the spr4iy gun, the authors began the test of the dye etchant. 

TSSY 1 . 

The optiBUK coating was found to be 1205. Six. stripe were 
sprayed with this coat, three with 1203, and three with 1207. The 
coatii^s above and below optisiim were tested to find tee effect of the 
etchant on wore and less sensitive coatings, the strips were placed In 
a cabinet to dry unaffected by air curr’enta. After diying 2h hours, 
the bars were tested in the calibration rig according to the procedure 
set forth in the preceding section. ‘Jgiile the bars were loadsd, ths 
lowest crack was marked c^s etchant applied. After all bars were 
stressed, marked, and etched, th<^ were placed in the strain gangs and 
ths readings rscordsd, 

Viewed through a magnil^ing glass under strong light, faint 
erase marks oriented normal to the direction of principal stress were 
found in the etched specimens. The er^ of these marks were very diffi- 
cult to distinguish, and their VJU.ue on complicated shapes seems question^- 
able. The recorded value of sensitivity after etching is quite arbitrary. 
The sensitivity was Increased frem 0,0002 to O.CXX)!* in/in, and this 
process might teive some qualitative value even t.hough the quantitative 
results seem xnireliable. The lowest sensitivity was foiind in the coat 
of 1207 as was to be expected, and the value was approximately O.OOOU In/ln 
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TS5T 2 . 

Froa result* of Teat 1 the authors concluded that only 
optiauB and higher numbered coatings should be used in further attempts 
to increase sensitivity by dye etching. Consequently# Test 2 was made 
with optiauB coat 1205, 1207 and 1^9* The drying and testing followed 
the s^e procedure as Test 1, and the results compared favorably with 
the results of that test. Disperelon is greater with the more sensitive 
bilker numbered coatings, and the drying eras© (as shown in fig. 9} 
aade readings more difficult. 

xasT 3 . 

This test was run as before, but coatings used w«ro optimum 
12C6, 1206, and 1211, and two sjsecijBene cf coat 1206 m3v& dried 2it hours 
in the oven at 100 F. The heattraated bars were removed froa the oven, 
cooled in still air for 1 minute and 15 minutes respectively before 
testing. All bars were etched under load as before. 

The air dried coatings coapared well with those in preceding 
tests, but the speciaens dried in tba oven had a z*®narkable increase 
in sensitivity. Since the two cooling times differed so in sensitivity, 
the authors felt that the next test should be to determine the optteua 
drying time if such existed. In the 1 sainute cooling time the coatir^f 
haJ not reached roo» temperature, and after 15 minutes the equilibrium 
must have been store nearly a >pro ached. 

The readings after etching wore even more difficult to mauce 
than before. The etching time decreased markedly, and the etchant 
sessed more active on the baked coat although the a; ount of sensitivity 
increase was about the same as with air dried coatings. The coating 
which was baked and cooled 15 minutes gave a sensitivity cf 0,000li5 
before etching and 0.00025 after etching. 
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TRSt U . 

Th« optlAxafi co^itlng wos found to b« #1206. TmIt* b&re 
were prepared with tills coating. Two were dried at rom teirperaturo 
for a standard, and ten were placed in tne oven at 100 ?. After 
2U hours, the heated bars iwr« rsiaoved and stressed after different 
tjjnee of cooling. Tines used were 0, 2, ii, $, 6, 6, 10, 12, and la 
lElnutes. The air diried bars wei'e also stressed, and all bars wsre 
etched under load. Tlie specinens tested itmedlately on resicval from 
the oven were of a;iproxiia&tely the sjKie sc-nsitivity as t oae dried 
at roo-n teaperaturs, and the sensitivity definitely increased as the 
tine of cooli'fg increased, Tnc curvo of Senaitivity vs. Tisrie of 
cooling (fig. 3) seeBs to level off after about 6 sairaitea, and longer 
Unies Siiow little or no increase. 

g, 

Tiie optiisiRE coating wus found to be #1207. Six bars were 
prepared with tliis coating and six with 120?, Tw- of each were air 
dried, and the reaainder dried in the oven at 100 ? for 2U hours. 'Hie 
four baked speciaieiis of coat 1207 were roMOved aji4 stressed after cooling 
in still air for i>erioUa of 0, 10, 20, and 30 minutes, and tr:ose of 
120? were resoved and tested after cooling for periods of 0, 5, 10, and 
l5 minutes. The results oonfirmed those of Test I 4 , except that the 
optiiaUB period for cooling seesas to be longer - about 15 minutes. The 
specimen of 120? which cooled 15 sirujtes shewed a oidtical strain of 
0.00335, and the etching orsJte off thfe scale, 

TEST 6. 



The optijBuia coating was found bo be #1208, and twelve bars 
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TKST 6 cont. 

were prepared with that coating. Two stri a *er« air dried, and tan 
iwre dried in the oven at 100 F for 2lj hours. The npeciaen^ were r«- 
sxiTed froB the oven and cooledln still air at various raiaa in another 
effort to find the optiBum tista of cooling. Cooling periods used swire 
Of 3f 6, 9, 12, 15, 20, 2$, 30, and ItO ssinutes. The cooling curve 
(fig. U) shows tlie optijau® titse to be sibout 15 or 20 sinutes. This 
coating gave the aoat sensitive specimen yet found. The strain e*ug® 
is calibrated only down to 0.000k in/in and by extrapolating, these 
coatings were found to have orttical strains of the order of 0,0002 in/in. 
For this reason and also to gain accuracy, the authors constructed a new 
esR for the calibration rig, Since ^e strain in a cantilever is direct- 
ly proportional to the deflection, a oaB giving half the deflection of 
the old esra would produce half the etralu at arxy given point on the strip, 
A cm vraa msAs rsith one-halJ! the eccentricity of the old cass, placed in 
the rig, ajid by means of deflection gauge, daflections wer® checked at 
points along bent bar to prove that tho deflection of any (>oint had 
been halved. A value sow rsaA in the strain gaixs* is twice the true 
value of the strain on the bar at that point, and the range of the scale 
was now from 0.0002 to 0.(X)10 in/in. TItls new cam was usect In all tests 
to follow, 

Tssr 7, 

l»ith the optim« coating 1207, twelve bars wore prepared with 
1209, and two dri*wi at room teop-rature wiiile the other ten were dried 
in the ov«n at 100 F for 2U hours. The oven-dried specimens were cooled 
for periods of 0, 3, 9, 12, 15, 20, 25, 30, kO minutes to find 

tiis optisBiBB cooling ti«e for this coating. As with Test 6, the cooling 
curve for this teat (fig. 5) shows the optimuia tlase of cooling to be 
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«bout 20 *inute». After thie ti«e the oo*tin~ sema to be stable, «nl 
further cooling does not affect the sonsitivlty, Thr? heat traataent 
increased the s*nsitivj.ty from about 0.0010 ia/in sfeen air clriei to 
about 0,0002 in/in erhen dried at 100 ? and co-led to equilibrivaa. The 
accuracy of the aferain gauge is Buch increased ni%h tl;e n&v cacs of 
smaller eccentricity, 

TS;.T 8, 

Since the results obtained froa heat trestisent Ktera so en- 
couraging, and the results frwn dye etching under load were so dis- 
couraging, the authoi's deeded it expedient to turn their efforts en- 
tirely to the effect of heat treatment, and Test 7 ms the last test 
where dye etohliig under load was used. 

With the results frosi 100 F obtained. Test 8 was used to In- 
Yestigate the affect of a highejrteaperatuK of 120 F, The optlauao 
eoat 1206 was used m well as coat 1208, For any practical use, 1206 
was found to be ths better at this tem perature with air coding, fnile 
1208 was more seasitlT© and gave 1 ss dlstiersion, the «ceoiapa>-!yiisg 
erase would ’sake readings on a mom cotaplieated structui'e extremely 
difficult to deter3ln<i. All reading's were %iik«n after cooling for 
a period of 20 slnutes ot wore, 

TKST 9, 

It was decided that an inYsetigation of other tejaperatures 
was In order, and the next chosen was 90 F. To give a cosprehensive 
picture of the effect of the tesjperature used, four coatings were pre- 
paredt 1206, 1206, 1209, and 1211 rdth 1200 being optiKura, In »pr.iying 
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those coats, It «r«* fomd that the higher mwbereti coats ware such Eor« 
difficult to «p»ly, maialy bsosuse they tended to daat unless the spray 
gun was held extraBoly close to t';e work. The lower nu*bered coats of 
1206 and 1200 were relatively easy to apply, and it was possible to get 
a asaeh acre even and satisfactory coating with the lower numbered coats. 
The effect of 90 F was relatively small, giving perhaps a small increase 
in t!io sensitivity. Since the effect was so ssaali, the renalnder of the 
investigation was conducted at temperatures of 100 F or higher. 

TOST 10. 

The same fo«r coats were used &c in test 9, with 1206 again 
the optlmua cost. A drying twsperatur© of 110 F was used with air cool- 
ing. 1208 was the bast coat, 1211 erased so that a reacSing was iis- 
posslble. 1209 was less sensitive than 1208, and it is believed that 
this was due to use of an old can of lacquar 1209. 



fS5T 11. 

The series of four coats bad not baen tested at 100 F, and 
this was selected for Test 11, Coat 1207 was t^tisrem for this test. 

All spociaens were cooled in stlli air for 20 adnutes, an 1231 gave 
the lowest critical strain with no crausl?ig, 

7ZSt 12 , 

It was desired to duplicate if possible the results of test 6 
and to prepare a curve of the effect of cooling time on sensitivity. 
This was done with the optiraua coat of 1206, and a drying tesperatur® 
of 100 F. The results conflraied those of Tost 6 except as noted, and 
the curve of sensitivity vs, cooling tiaac (fig.U) was plotted, tipon 
spraying for this test, the lacquer from the original can was erdiausted 
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7 LSI 12 cent. 

after nine bars h«id been sprayeciy end the regaining three tArs were 
eprsyed with lacquer fro® an old can of Gtresscoat. Fro® the results 
obtained^ this RUst have had e large effect upon the sensitivity because 
these tkree bare were entirely inconsistent with previous teste and 
with othor bars of this test. 

TSGT 13. 

tiio res’olts fr^athc px^oeding tests were so effective that it 
was believed that by using etlll higher teaperatures and a slower rate 
of cooling, this sensitivity could be reaoiiied with coats of a lower 
regular sensitivity. With this in r.ind, coats 1201, 1203, 120S, and 
1207 were used with 1207 being O'^tlsasa, A drying tsssperature of 150 F 
was used, and the effects of air cooling atxi oven coc.ling were ecus pared, 
For oven cooling, the oven was turned off, all vents wei*e closed, and 
the oven wae allowed to slowly cool to room teKperature, cooling 

curve for this condition is sho^sn in figure 13, Coolir^ in air, 120$ 
crated 30 that no reading could be takeji, b«t cooling in the oven, it 
reached a sensitivity ®f 0,00015 in/in. It was interesting to note 
that this teiaperature had the effect of increasing tho else and number 
of bubbles in tho coating, this can bo seen in fig, lU if closely 
exansined. 



TS.3T lii. 

From the preceding tests, it was apparent that e&ch drying 
temperature had & definite macberad coat idd.ch would give a sensitivity 
on the order of 0.0002 ±n/^n. It was decided to select four teeperatures 
of 175 F, l50 f, 125 F, and 100 F and to determine the best coat for 
each of these tcatpsratures . Sith these values, other optiiruai coats 
and corresponding drying temperatures could be approximated, iJith this 
i 
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in teindf 1202, 1203, and 120U w»r® used with 1207 being optiisua. 

A drying t«»ptfratur« of 175 f was u.s«d and cooling was in the oven, Ui>- 
fox’tim.itely, the oven control was faalty on this test, and the teeper iture 
rose to 195 F» Upon cooling in the oven, all coats erased except 1201, 
and this cont erased after being out of the oven for about 5 asinutao. 

It was noted that the high tflr.peratui*e had forced a glass on the surface 
of the lacquer giving it a glossy finiah. There were very few bubh3.es 
except in the fairly thick parts of the coating. Also, the cracks 
wiiich were foracd by calibration wex^ forraed under this glessy coat 
and could not be dye etched. Ifye etching under load had the saoe effect 
as dye etching an xmstressed atrio, 

T&?T 15. 

Since Test lU showed 1201 to be the best coat at 175 F, this 
coat was checked for dispersion. Ail twelve bars were prepared with 
1S31, and 1205 was the optiiawe. Ten of these were even cooled to Ck F 
irt?ero it was fotind U»at six had erased, and the r«naining four were 
imc'di.iteiy reraoved and tested. It is to be noted that again the 
oven ts8«perature rose above the setting, this tia:e to 185 F» and also 
that the outside twanerature was lower tlian for the previous tost. The 
dispersion of the four specl’aons tested was very low, «fcich is of course 
veiy desirable. The strain varied only fro« 0.00015 to 0.00016 in/in. 

Two of the bars were dried at ro«» temperature, and the effect of the 

e 

heat treatment can be seen freea these results* 

TSIT 16. 

Since only four values were obtained frese Test 15, that run 
was repeated, and the erven carefully watched to insure that the 175 F 
temperature wae not excee erU Kone of the bars crazed, and am& were 
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out of the oven an hour. This indicetes thet with a final testing 
teoperature of about 77 f$ 1201 is at on optissu* using a temperature of 
175 f» Cisperaion on this tost was also very low, sensitivity ranging 
froa 0.00015 t© 0.00016. 

Tu3T 17 

The next series of tests were at l50 F. Cith 1207 as optiieuai, 
1^3> 120U, 1205, and 1206 sere used. Tliie test indicated that 12GU 
was the coat giving the highest sensitivity without orasiiig. 1206 $snd 
1205 wej'« highly erased. 

T0..T 18 

ril.th the inforaation froa teat 17, it was desirable to check 
120Ji for dispersion. As a corallary to this, the effect of the thickness 
of the coatings was rauglily <3et®Twin©d, One coat wae sprjsyed espesially 
thick, and orxs coat especially tliia, the rest being of the desirable 
thlckcess. The thin coat gave a relatively low sensitivity, while the 
thick coat gave ©xtresteiy high sensitivity of 0.(KX501 with no craze. 

Cne bsr of Kediuas thickness was given rot^gb treatsient by dropping and 
Jarrin,3, and little effect was noted. The appearance of these various 
bass can be seen oa figure 11. The bars w»rs taken froa the oven at 
lO F, end four burs were broken after being recaoved for 0, 5, 7p and 
10 nioutes, After 10 lainutes, the bars began to erase. The z^alnder 
of tne bars were broken iEcaediately after being ressoved froa the oven, 
and except for the ajpeoial coats already aentioned, Uie disperaion 
ranged fraa 0.00017 to 0,0002, It was also obeervod that tlic thicker 
coats boaides being wore sensitive gave most rapid and greatar ssouat 
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of craeing* Prca& this t«st it is kppMrent th&t for teats under 10 
adnutes with roosa te»{>eriitur« of inbout 72 F and oven teeperature of 
lS>tO F,' 120U is the best coat. For higher roosa teauereture, 1203 will 
prove opticiaa, 

7SST 19 

Tl>« next series of tests were *t 12> F, ’.?ith 1206 &s optieua, 
1206> 1^7« X206> and 1209 were used. 120^ end 1209 erased after 
cooling in oven to 78 F* 1206 and 1207 gave high senaitivity, but 
erased after sitting in cool roaa of 68 F. For higher taatiin; temperature, 

1206 would not cra»e* 

TuOT 2Q 

WiWi t!>e infor:i».tlon of test 19, it was decided to use 1206 
and check for dispersion. Since t!ve outside (rooe) tmporature was 
so cool, the strips were calibrated LTssediatoly, and the sensitivity 
r^.ged froQ 0, 0(^12 to 0.00020, n^ich ^aidLtatively is sraall variation, 
but is a high perceiitago dlspersloti, in the order of \iPr% to 

ThSr 21 

This test was at 100 F, and coats 1207, 1206, 1209, and 
1210 were ueed with 1205^ as the optiwua. 1209 and 1210 tended to erase, 
wiiile 1207 and 1208 were satisfactory. It was strange to note that 

1207 was raore sensitiv© than 1206* 

TS3T 22 

Slth the above informition it was decided to check 1206 and 
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120? I'or disp«r»iciR, adtn 120$ as o jtiieiaia, and drying t«3i,«raturo of 
100 F. Upon coolin;? in the oven to 76 F, 120? was all erased, arwi 
two of 120b indicated slight erase, Tne sensitiwitj of the 1208 
ranged frc» 0.00016 to 0,00027 in/in, giving a dlsperaion of about $0$, 

The techixi:^ue of heat treatment brought up a new tpestion, 
that of creep. The plastic property of the lacquer which causes the 
creep was discussed in the preceding section and will not bo repeated 
here. The autJiors felt tJiat tbe baking procedure would probably affect 
the creep of the coating both by hardening the coating and by increasing 
the sensitivity. It wo;ild seen Utafc bs^irig would reduce creep by 
reducing the plasticity of the lacquer. Since so little time was 
arailabia the testa for creep after heating were not handled as well 
as they salght have been. The tests were aade in tho calibration rig 
by loading tno bar at varying rates and rioting the tise to roach full 
deflection. This was an unaatiafactor/ laethod, but time did not pensit 
a Koiw elaborate setup. The rate of loading was not constant as desiredj 
tiites longer thcsi 10 wd-nubes were very difficult to obt«inj find the 
test should have been puire teuaicn rather than cantilever bending. 
iiowQver, a rough chock of creep sdth opblmuBa coat at 170 F, 1^0 F, and 
12$ F WU3 all that was desired for tlds pr>jj«ct, and a Kore thorough 
atudy is reco&unended in the future, 

CtolF T£sr 1-Q 

Twelve bars were prepared with coat #1201, dried in the 
oven at 170 F, and cooled in t^e oven to roc»B twsperature before testing. 
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Tests were aads *t the follomiig loadinig times, 0, 0, 0, 5> 13, 2>, l*iJ, 
li$$ 70, 180, 270, SIS soconds, Tliere was no creep. All v J.u«b cf 
strain recorded were within the ricrmal dis emersion range, and those at 
longer times were actually on the more sensitive side. Further tests 
aho\ild be made to dieck these results together with much slower rates 
of loading. 

2«>C 

Twelve bars were prepared with coat #1203 «nd daried in the 
oven at 150 F, and cooled in the oven to ro«a temperature before 
testing. Tests were c;.ade at the folloeiz^ times t 0, 0, 0, 5# 15, 

100, 200, UOO, ^d kSO seconds. Again there was no creep. The specimens 
tasted at 200 and ijOO seconds had a sensitivity below 0,(X)0i in/in, 
but tliia was no doubt due to the fact that the coating was too thick. 

Two of the specisons tested at 0 seconds had a sensitivity of 0*00025 
in/in, due to a very thin coating. This is another example of the effect 
of coat thickness on sensitivity, 

TEar 3-^ 

IHeven bitre were prepared with coat #1206, Eight were dried 
in oven at 120 F, and cooled in the oven to rca'a temperature before 
testily. Tests were made at tii« following time«» 0, 0, 5, 30, 70, 150, 
250, and yx) seconds. Again there was no creep. 

Three bars were dried at rooei temperature and tested at fcne 
following times* 0, 0, and 70 seconds. The spsoimen did not crar^ in 
Uie 70 second loading test, since the sensitivity was greater than 
0.0010 h)/in. This illustrates the elimination of creep hy heatir^. 
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The authors connot support the claia of the oanufacturer for 
the sensitisation of brittle lacquar \r/ dye stohins under load. Froei the 
InYsstigation reported herein^ this cleiEi seoss extretaeXy optinlstio. Cn 
all tests, readings eere taken before and after dye etching under load, and 
the sensitivity was never increased by the 0.0006 iiv^ln promised. The nor- 
eel increase was froe 0*0002 to O.OOOU In/iaif and this seeeied to be of no 
value for a quantitative study* Figure 10 shofws the effect of dye etching 
under load, and this is a slight indication of the difficulty of determin- 
ing the critical strain idich is so important in a quantitative analysis. 
This illistration shoes the etched pattejm ishen used with and without 
the heat treataent, and it can be seen that the cracks grade into preferred 
orientation of the erase iiStich grades into random craee. This preferred 
orientation night be of soe® value in an analysis to locate the positicsi 
of the strain pattern, but for any use much experience is required for tlie 
use of the dye etchant. After several weeks cf constant use of this tech- 
nique, the two authors would vary considerably in reading a strip, and wtjeia 
a third experienced party was called In, the difference was even greater. 
Thus from the results obtained in these tests, the authors cannot substan- 
tiate the cXaiiQS of the maiuifacturer. 

The results £r<m the investigation of the possibilities of 
heat treataent were very encouragir^, arid this technique is believed to be 
of great practical use in the field of stress analysis. With the liwited 
apparatus available to the authors, strains of the order of 0*03015 were 
laeasured consistently, drying erase was eliiKinated entirely, and creep with 
slow rates of loading was eliminated. 



For the Eaxiniat sensitivity with heat treatnents, the speci-cens 
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eust b* ooolad sufflslently after being r«&oyed fron the oren. The 
•coline affecta erasing and aenaltlrityf and it Is regretted that 
arallabl# •qalpaent allosed only two cooling rates, cooling in air and 
sooling in the oren (fig* 13}* Ck>ollng in tlie o^n at the slower rate 
reduced erasing and Inereaaed sensitivity aora than eoolii-^ at the 
faster rate. 

For every coating tJiere aeeaa to be an optiwu* tcaperature for 
drying, or, in other wonis, for ev<aiy oven tessperature there ia an opti- 
ssst coating Mvich gives the greatest sensitivity without erasing. The 
miniauai valiie of strain that the authors were able to obtain with no 
erasing was frost 0,(JXa,0 to 0,00015 in/in, and this sensitivity was ob- 
tained with several coatings by using different drying teaiperatures* 

For steel with a modulus of elasticity of 30,000,000, tliis value of 
strain cori’ooponds to 3000 - U5CK) p.ssji. 

Time was not available for a oosrplete study of dispersion arxl 
expected error, but from the tests xsade, the dispersion Is greatly re- 
duced by using a low nusibercd coating and dryit^ at a high tiKsperature, 
Using coating 1201 dried at 170 F and cooled In the oven, sixteen teats 
gave readings fnra 0,00015 to 0,00016* This is an error of only 300 
p,s,i, when steel in used, Uito nor?sal air drying methods giving 
sensitivity of 0,0CX)6 in/in, the IpjS error prersissd by the laanufacturer 
mearss an error of 3600 p.s.l, steel is used. This indicates that 
heat ti’eataenfc also inesreases the accuracy of the results obtained by 
dtresscoat analysis, however, many more test«i must be matia to prove this 
laurge increase in accuracy. 

Outside tecaperature artd humidity conditions scMsa to hav- no 
effect on the coabinci; during heat treataent. However, the temperature 
of the specimen at the time of the test is Important, Sensitivity and 
craalng depend largely on tb® thickness of the coating. Heavy coats 
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at« (Sore scnsitiTe atjI craso Kor« qiulckly than light coatis as saan in 
figura 11* Tha most satisfactory aathod of obtaining uni f era thlck- 
nass of coat at all tL^aa is to spray all spsciaana to tn*e sase color^ 
a dork yaliow, th9 lover nuabarad coats being thinner arc tjsora easily 
sprayed and control of Uiicknaos is stach batter than with high r nuzs- 
bers. I>oimhairKi spraying va« fourni to be aor» satisfactory than hori- 
gontJil for spraying the thinner coats iSilch run excessiTaly, 

it eight be wall to nets here that sosa® old caj's of Stress- 
coat were foxmd to be xttoh loss sensitive than newer ones of th® ssae 
number* This jssight have baen due to evaporation or to sosa© unknown 
additions to the can. However, it is felt that a warning to fuimre 
users sKight be in order* 

Another big advantage secsss to have been foiind for the heat 
treatment - that of eliKinating creep. A few very r*ough tests were 
made to get an idea of ths effect of creep o» baked specinens under 
slow application of load, «uid the ras’ults sfcosed not a trace of creep 
with loading tlisea ap to ten airutes. This prasisee to be an easy 
solution to the probiea of creep, and if further inveatigations can 
substantiate this theory, process of heat treatetent will gain 
aided ijsportajtea. 

An investigation was con<iacted by A. S. Waters and D, K. 
Marepiasdt to deterainfc the value of heat treataent on aor® ccsspli- 
cate'i structures (10). The res^ilts iidiich will not be produced here 
tend to confina the rsaiiits obtadned by the investigation of the 
authors* 

A eumary of the advantages of heat treatment over other 
methods of sensitiKing shows that* (I) Heat treatment seeass to be 
tiia only setlKsd applicable to an investigation to detemino the first 
crack in a structure b«ii^ slowly loaded, (2) Heat treataaent see®s 
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to be the onl^ >»Uiod «j;>,>Xicahl& to an investlgiitlcn to detenalne 
a low strain froa a lead ahich i« quickly &p Hod and ratfored. (3) 
Heat treataMint i« the only aothocl offering control of sensitivity 
at low values of strain for a quantitative analysis. Ok) heat 
treat«E.«:it la the only atethod found to eliBiinate creep an! dryii^ 
erase. 

The follcoslng ia a table of drylr® temperatures for feur 
grades of !:tr®sscoat wltJi testing tesajjfrature of 75» Fi 



#1201 




; i 203 




#1206 




#1208 





The dryir .3 ta&perature »ay be slightly higher for higher testing 
tesftperature imd lower for lower testlns teaperaturea. Control of 
sensitivity aay be had by varying the dxyii^g tarspsratxire for a given 
coat or by varying the coat for a given drying toBr*- ratur®. Coat 
*1201 at 170 P gave the least dispersion. 
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The authors rogret that ”:u5r® tim® was <ot avadlabie to con- 
tinue this aork to ©oapletlon. The res'ilta obtained fro® thin invesst- 
igaticn ■aftiich wa» so limited by tiae and equlpaent aeom to Iniicato 
that a Eore thorough study with Tfcli controlled conditions of outside 
t^perature *wi humidity, oven tea erature and humidity, euvd cooling 
rate would be of great benefit to tlj® field of stiMess analysis. It 
Is reco.ai«endcd that Turther Investigaticn be wide to find tee exact 
optimaB balling te3i «erature for each coat togethtr 'With the diaperoion 
fox* each and the eptisaea eoolijts rute to tha testing to.s*^i.rat.ure, l^je 
iKithora feel that a shorter drying time flight be coaplod with a erach 
longer cooling time to give better results. The heat troataants should 
bo further investigated on coaplicated shapes and on y,atarlals other 
than steel, A correction factor for eppiylng to results obtained using 
a steel calibration strip in conjunction ilth a structure of scro® mat- 
erial tjaving a different tberasal coefficient of expansion would un- 
doubtedly be of great value. Refrigeration after drying and before 
atreasing the coating should b® ijryeatigated (9), but at present 
thia is Itffiited to ciuaLitative ifork only. Other ideas nijht bo 
found in the publicaticna liste-1 te the bibliography. 
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Ti.3T I 



Alien sprayed t 


dry bulb - 7U 


5Jhen stirassedt dry bulb - 75 




wet bulb - 61 


wet bulb - 61 




Opticujn coating 


- i,im$ 


ill specijaens dried at rocra tecporature 
under load. 


2k hours, stressed, and etched 


Coat Nucber 


Sensitivity 


Sensitivity 




Qefure £tch 


After Etch 


1203 


0.00122 


0.00100 


1203 


,00110 


,00050 


1203 


,00106 


,00085 


1205 


,00060 


.00050 


1205 


,00080 


,00053 


1205 


.00080 


,00050 


1205 


.00065 


,(K)0U6 


1205 


,000&) 


.00051 . 


1205 


,00088 


.00055 


1207 


.00078 


,CK)0ii0 


1207 


.00080 


.00036 


1207 


.00075 


.OOOUO 



RSJi&RKS* Vie«»d through a aa^rd-fying glaaa un^r strong light# 
very faint craze niarka oriosted nomel to tfie direction of principal, 
stress were found in the etched specimens. The end of these nai^a 
tas very difficult to distinguish, and the value of the sensitivity 
is quite arbitrary. The value of this etchant on coiipllcated shapes 
seesis questionable. 
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«h«n dxy bulb - 75 ifihen stressed; dry bulb - 77 

nwt bulb - 61 wat bulb - ^ 

OptljRUB coating - #1205 

All spaeiBuns drlod at roete tesparatx.tr* 2h hours^ straasad, and etchad 
under load. 



Coat Number 


Sensitivity 
Before Ktch 


Sensitivity 
After Stch 


1205 


0.00068 


O.000U7 


1205 


,00085 


.00065 


1205 


.00065 


.oooii5 


1205 


.00066 


.00060 


120$ 


.00105 


.00065 


1205 


.00095 


.0X57 


1207 


.00060 


.00065 


1207 


.00050 


,00065 


1207. 


.00075 


.coouo 


1205 


,00095 


.00065 


1209 


'.00055 


.X030 


1209 


.0X67 


.OOOlsO 
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TB3T 3 



*h«n tprsyedi dry bulb - 77 fth«n stressed s dry bulb - 78 

met bulb « 6U »*t bulb « 65 

OptijRiai ccatlng • #1206 



All speoimens dried at roca teeperaturo 2U hours, 
und^r load* 


stressed, and etched 


Coat Hueber 


Sensitivity 


Sensitivity 




Before Stch 


After Etch 


1206 


0*00085 


O.OOOI45 


1206 


*00050 


.OOOliO 


1206 


.00082 


.00050 


1206 


.00105 


.00055 


1208 


.00060 


.00035 


1208 


*00082 


*00033 


1208 


*00078 


*00030 


1211 


,00070 


.oooko 


1211 


*00070 


*00030 


1211 


*00080 


.ooouo 


Tao apecicaens were sprayed with #1206 and dried in oven at 100°F for 


2lt hours* They were rsmoved from oven arwi cooled in air for the tiices 


shown before strcssii^. 


and load etched. 




Time Cool 


Oensitivity 


Oeasitivity 


In Air 


Before v,tch 


After iitch 


1 min* 


0*00085 


O.CKXiiiS 


15 siin* 


.000U5 


.00025 



Oven twsperatura dfeirir^ drylE^ Taried froe 98 °f to 103 f, 
end »peclBt«w were cooled in air by plaeing on table away frm air 
C'orrente. Etching time was decreased markedly * 
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Ahen sprayed < 


dry btilb - 7fi 


ifhen stressed! dry bulb:- 76 




wet bulb - 71 


wit bulb - 67 




CptinuB coating - 


#1206 


XK) speciiiE.cns dried at rocm teeip&rature 2U hours, stressed, aiid etch«l 
under load. 


Coat Number 


Swwitivity 


Sensitivity 




iiefor* £tch 


After iitch 


1206 


0.00102 


0.00075 


1206 


•00105 


.00070 



Hm. «poclm«a» dri«d in oven at 100 F for 2U houra, cooled in air for 
the tiiues indicated before testing, and. etched under load. Coat #1206 
was used throughout. 
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Tlae Cool 
In Air 


Sensitivity 
Before Etch 


Sensitivity 
After Etch 


0 nln. 


0,00090 


0.00050 


0 min. 


.00055 


.00060 


2 min. 


.00072 


.00050 


U »in« 


.00062 


.00050 


5 Bin. 


.00080 


.00060 


6 Bin. 


.0)060 


.oooUl 


C min. 


.00060 


.OOOliO 


10 irdn. 


.00061 


.00050 


12 Bln. 


.00055 


.00035 


lit Bin. 


.00056 


.00036 






Curve of Sensitivity vs. Cooling Rate is fig. 3* 
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4hen sprayed t 


dry bulb - 70 
wet bulb - 67 


Alien stressed t Dry bulb - 70 
fet bulb - 71 




OptiEioa c-atin»; - #1207 




%>«cl»ens 


dryed in ovon 


fe 100 F, air coolod 


for tifiies eyioen before 


stressing, a!id.etch«d und«r load. 




Coat Ku»bcr 


Tijae Cool 
in Air 


Sensitivity 
Before Etch 


Sensitivity 
Sfter Etch 


i2oy 


0 min. 


0,00100 


0.00055 


120? 


5 Kin, 


,000^ 


.OOOliO 


1209 


10 odn. 


.00055 


.ock)25 


1209 


1 $ nin. 


.00035 


Off scale 


1207 


0 s$ln. 


,00090 


.00052 


1207 


10 lain. 


,c»o50 


.00030 


1207 


20 ain. 


.00060 


.00030 


1207 


30 sdn. 


.00050 


Off eci^e 


Sp«cis3.ans twra 


dried at roosu teoperature, 2U hours, stressed and etched 


under load. 








Coat Xusaber 


Sensitivity 
Before Etch 


Sensitivity 
After £toh 


1209 




0.00075 


0.00050 


1209 




.00090 


.00090 


1207 




.00085 


.OOOU5 


1207 




.00065 


.00070 
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tWian Dpra^ttdt tJry bulb - 78 ftlicn 9tr«»s»dt dry bulb - 77 

mt bulb - 71 *»t bulb - 62 

Optisu'iJKs coating - #1200 

All speciaens ifere sprayed with coat 120(^/,ten dri*d in ov*n at 100 F for 
2ii houra, a"4 two wer® dried at roos tesaperature for 2b hows. All were 
dy® atefcod under load. 



Tlae Cool 
In Air 


Sensitivity 
Befoi*© Etch 


Oerisitivlty 
After Etch 


0 sdn« 


0.(»060 


0.00060 


3 rain. 


.00065 


,0001*0 


6 edn. 


,00050 


,0001*0 


9 Kin, 


.00025 


.00025 


12 Kin, 


.00035 


.00030 


15 Kiln, 


.00030 


off scale 


20 sdn. 


,00020 


,00020 


2S sdn. 


.0002U • 


.00020 


30 Kin, 


,00020 


,00018 


bo nin. 


,00020 


.00020 


Air dried 


.00080 


.000U5 


Air dried 


.00070 


.00035 



HSfitAHKSt Headings lonror then O.OOOU in/ln were below scale and were 
extrapolated, grror la probably very high since »aall distance gives 
a lax^e chaise in strain readii3g. 






s 











W « 






# ♦ 





* 4 











I 



•I 



B 



n H t M H ^ i’l 



33 



TS3T 7 



•hen «pr«jr®di dry bulb - 7U Shen stressed: dry bulb - 76 

wet bolb - 70 wet bulb - 66 

Optimxsn ousting ** 1207 

All spsel»ens are costing 1209* Ten spec^ens were dried in oren at 
100 f for 2U houre, cooled in still air for tises indicated, stressed, 
and etched under load* Two speoinens were dried at rocsc temperature for 
2ti houz^, streesed, and etched under load* 



Tiae Cool 
In Air 


Sensitivity 
Before Etch 


Gensitivit; 
After Etch 


0 edn* 


0*00090 


0,00052 


3 sin* 


*00060 


*00030 


6 win* 


.00050 


*00018 


9 aln* 


*00038 


*00018 


12 min* 


*X036 


*00015 


15 min* 


*00038 


*00015 


20 sin* 


*00023 


.00015 


25 min. 


*00029 


*00016 


30 min* 


*00022 


.00011* 


UO min* 


*00020 


.00010 


Air dried 


*00100 


*00067 


Air dried 


*oouo 


*0X65 



EC^AfiKS) Curve of 5en3itlvlty vs* Cooling U&te is fig* 
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«fh*n gpr<^y•<il Ory Vmlb - 7U 
iwt bulb » 65 



iSJugn stz‘9sseds ary bulb - 7k 
w»t bulb - 72 



Optimum coating - 11206 

All apeclfficns ««r« drlad in oven at 120 F for 2U hours« eooled in still 
sir for timss indicated^ stressed, and etchod under load. 



Time Cool 
In Air 


1208 


1206 


20 mlm. 


0,00017 


O.0CK>20 


25 ain. 


.0001? 


.00022 


30 sin. 


,00017 


,00027 


35 min. 


,00018 


.00025 


IiO isln. 


.00017 


.00026 


50 min. 


,00017 


,00020 



i^ARK5s The etchant showed no Increase in sensitivity. Coating 1208 
glvec !sueh less dispersion, but it crazed sc that it is not recommended 
for us® on cosaplicated shapes. 
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TEST 9 



\®j8n apr«y«di dxy bulb - 7U •tt’essedi dxy bulb - 78 

««b bulb - 72 wot bulb - 70 

CptlBum coating - #1206 

All apociisens wero driod in oven at 90 F for 2U hours, cooled in still 
air for ZH sain, and stressed. 

1208 

0 . 000 ^'? 

.aioao 
,00058 

12U 
o.ooc^s 
.OOOil? 

.0DQJ*7 



1206 

0.00073 

.00075 

,W067 

1209 

0.00055 

.00060 

.00062 
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*h*n «prja(y«di dry biilb - 76 iirn«n atr*ss«dt dry bulb - 77 

wt bulb - 70 wot bulb - 67 

OptjjBUK coating > #1208 

All speclicent woro driod in ovon at 110 F for 2lt hours, cooled in still 
air 20 Binutes and stressed* 



1206 

0.00030 

.OOOSJO 

.O'^OSO 

1209 

0.00027 

.OOOUO 

.0002U 



1208 

0.00020 

.00015 

.00017 
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s 

0 



4 







tir « 







li 



'i 




u 



V 



riisr 11 



(8h«n »pray«d'. dry bulb ~ 77 
wst b-ilb - 67 



When sfcreseedt dr., bulb 60 
wet bvlb 68 



CptJjsuie co&ting «■ #1207 

All sj^eslitseae wei’Q dried In oven at 100 F for 2h hours, ceoled in still 
air 20 cdnutea, and stressed. 

1208 
0.00036 
.00038 
.00037 

1209 1211 
0.00028 0 , 0002 ^' 

.00028 .(K5027 

.00030 .00022 



1206 

O.OOOiiS 

.00CU2 

.oiouo 
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fchen »pray«d« Dry biilb -• 60 Shen stressed* Dry bulb - 79 

'«©t bulb - 68 ><et bulb - 6? 

OptlaRM cOAtlng ~ <9^1208 



Tisie cool 
In Air 


Sensitivity 


'$ Bin. 


O.OOOliS 


‘7 lain. 


,OOOU2 


10 nin. 


.00035 


12 aln. 


.00035 


l5 inin. 


.00030 


20 Bdli, 


.00025 


20 ncin. 


.00030 


30 nin. 


,00026 


ItO nin. 


.000145 


50 sdn. 


,d001i5 


60 Biin 


.OOOU8 


Air dried 


,00065 



aflaiVSKD* Sac-pies tested at UO, 50, and 60 ainutes were sprayed with 
lacquer froa an old can of Stresscoat. This apparantiy bad a definite 
effect on the sensitivity. Curve of Sensitivity vs. Coding tiwe Is 
figure it. 
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Sh«n Sprayed J dry bulb - 79 
wet bulb - 67 



When 3tr«»8«d» Dry bulb - 78 
wet bulb - 65 



OptiKUK coating - #1207 

All speciaens were dried in oven at 150 F. Six leere reoioved} cooled 
in still air for 25 sinutee and stressed. 

Coat t^jaaber 
1201 
1201 
1203 
1205 
1205 
1207 

Six were cooled in oven to 60 F and stressed. 



1201 


0.00030 


1203 


.00020 


1203 


.00019 


1205 


.00015 


1207 


erased 


1207 


erased 



Sensitivity 

0.00030 

.00030 

.00030 

erased 

erased 

erased 



iiSMAiUtS: To cool in oven, oven was turned off and closed up. After about 

2 hours the temperature had dropped to €0 F, and speciraens were tested. 
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Tii5T lU 



sprayed I 



dry bulb - 79 
wet bulb «• ^ 



aiben stressed t 



dry b.db - 77 
wet bulb - 65 



Optiaua costing - #1207 



All speelaona were dried at 175 F, cooled in ovon, and stressed. 



1201 

0.00023 

.00025 

.00022 

1203 

C 

S. 

A 

Z 

E 



1202 

0,00020 

craze 

orsse 



laoit 

C 

H 

A 

Z 

s 



idSiASsSJ Oren tesiperature roae to 15^5 F durir^ the night. All coats 
had a glazed finish with very few bubbles* Cracks foi'saed under the 
sitrfaoe, end etching had no effect on the strain pattern. Coat 1201 
also crazed after setting at rooei t«sperfttur® for about 5 siinutea. 



Ithen «prfiy«di dbi^ bulb - 72 
w»t bulb — 63 



iWi*n stressed s dry bulb - 73 
wet bulb - 63 



Optimum coating - #1205 

Ail speeiitens were prepared with coat 1201, dried in oven at 175 F, 
cooled in oven, end stressed. 



Kxggber 

1 

2 

3 

U 

6 to 10 



Sensitivity 
0.00016 
.00016 
,00015 
.00015 
All erased 



Two speciJBors of coat 1201 were dried at roaa teEaperature, 

KPBBber Sensitivity 

1 0.00102 

2 .00056 

RIKABKSs ,31x of the craeed in the oven idien tiie teaper&tare 

reached 8U F. The other four wero rajnovGd and broiien iasuctiiately. 
Agalii the oven teiaperature cllabed above the sotting, t^ds tiase to 
165 and sgaXn the glossy coat was fortsed on all bars. 
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TiS^T 16 



»h*n 8pray*c!: dry ljuib - 72 

wet bulb - 6U 



Shen e|»ress«di dr/ bulb 
wet bfuxb 



OptiwuRi coating - #120f> 



71* 

65 



All spaciaens were prepiared with coat 1201, dried in oven at 175 T> 
coeled in oven, and stressed. 



hittber 


v’^nsitivity 


1 


0,00015 


2 


.00015 


3 


.00015 


h 


.00015 


5 


.00015 


6 


.00015 


7 


.00015 


8 


.00016 


9 


•00016 


10 


,00016 


11 


.00016 


12 


,00016 



Ihfi sane glossy cost was obtained as in Teats ll* and 15 
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TiiST 17 



dry bulb 77 «h*n str«#s«d; dry Wlb - 7u 

wt b'llb - 65 w«t bulb - 65 

C^tii&ua coating » #1207 



^ior« dried in oven at 150 7, 

1203 

0.0X22 

, 0 XX 

.00022 

1205 

C 

R 

A 

y 



i/oled in oven, suKi etr-esaed. 



ixu 

0.00019 

.o«xie 

.ooox 



1206 



U 

A 

Z 

£ 



«.hen strw3*#di dr/ bulb - 72 
fc«t lri:b — 6U 



v.'hec «^ra7«dt dry biib - ?ii 
Wat ba.lj •*' 6^ 

ccAtifjg - cl20> 



All »;jecl'c«n8 pr«jpare<i coj*.t 120U» dried in oven F, 

eooXed in oven^ 4tnd stroiijsed. 



l-uaber 

1 

2 



3 

k 

5 

6 

7 

8 
9 

10 



/sjnsifcivit/ 

o.oooie 

.00018 

.OOQIS 

.CQ015 

. 00018 - 

. 000 ?! 

.00017 

,00016 

.00021 

.00010 



-Ooabir^s b'SsgaK to Ghow sk»« erasing after iibeut- 1$ a^inutes 
after removal fresa even. Sj>«ci^»a 9 is the thin coat s '* q '^ iri figure 
11, and ap«jis;eii 10 is the thick co; t shown in ths saso photograph, 
Cne »pecir.isa was handled for 20 jalnutws. It erased alls>stXy, 

tut did not hara th« renting. The sensitivity 0,0031?, ai^d the 
pbotograph io flours IX. 
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?iiii If 



^cn ai^rsonsds dry bu.lb ~ 72 
«h»t bulb -> 



*-.en atra.i3»d4 a.irj >j»uib ~ 70 
imt iRiib - 63 



OptiBfua coaltr»,t •» UH^) 



All B;.'eoiaen 3 wei^ dried Ir. oven at 125 F» Ct'Oled in over., ar.d stressed, 



1206 

0.00015 

.00015 

.00015 



1207 

O.OOOIC 

.01015 

.OOOIS 



1208 

C 

A 

t 

K 



1205 

c 

R 

I3* 

K 



i3SAEKlt All erased after eltting in o<>ol rec» for abssit 25 Jsdmttes 
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TKn 30 



ilien apric/B'i* ‘ir/ bulb - 70 
wet bulb » 63 



Shen stressed! Cr/ b- Ti. 

wet bulb - 63 



CptlatiSB eoatir^ - #1205 



All speeisiejio were prepared v^th eoet 1206, dried Ik ov«t at 125 F, 
ceded In oven^ eiKi stressed* 



,’ufsber 


Seneitirit^ 


1 


o.oma 


2 


,00012 


3 


.000X5 


k 


,00015 


5 


*00316 


6 


.CK>Q17 


7 


,00017 


6 


.00017 


9 


.00017 


IQ 


.00016 


IX 


.ooois? 


12 


♦00020 
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itprayedt dyy twlb -> 71 8tr«s$«^ s teu.>b •» 72 

wtt baib - 63 «*t bulb - 63 

CptiauRi co«tlgg <» ^120$ 



6oftt Vanb&r 


Kscjai^s 


"©ooi^vit^ 


1207 


Air cooled £rm 95 f 


0.00021 


1207 


Air cooled fr«K 68 I" 


0.00019 


1?07 


Air cooled i'ro» 80 F 


O.OuClS 


i2oa 


Air eooicd froa 95 ^ 


o.o^ai* 


1208 


Air coaled frees 61 ? 


0.^ *020 


1200 


Air cooled frasi So f 


O.Ov-020 


1209 


Air cooled frees 9> F 


Orased 


1209 


Stressed at 90 F 


0«0c‘020 


1209 


;>tr033ed at 60 F 


0.00015 


lao 


iUr ooolei froe 9-- F 


Oraaed 


1210 


stressed at 90 F 


0,OjO>o 


1210 


atrossed at 60 F 


0.00017 



All spe«lni«iV3 \?sre dried In ctr«a «.fc 10'3 T, cooled in ov«.n to 
t«cp 6 rata 3 ra* shown and Btx^saed or air cooled fco ro<a* t«:3par*tur& 
md stressed as noted* 
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fftim #pr4y«di dry balb - 72 
wt bulb - 63 

Optiaust coating 



«h«a stx'assodt dry bulb - 72 
w»t bulb - 6U 



1205 



All specinana ware dried in oven at 100 F* cooled in oven, and stressed* 



1^03 

0*00016 

.00025 

.00022 

.00027 

.00021 

.00019 
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R53*ARKS« It is believed that coat 2 209 erased b^G&nae of the low 
testing teiapor&ture because in previous tests it was all right. 



n 



X\ 






i 



wk 

*10^ m 






9k 









iA 



tu 




i 



% 






9 



m 



} 



I] 








CRM? T S3T 1 



All »pecini0ns were prepared with coat 1201> dried at 170 F, cooled in 
oven to rociei tesnperatiirey and loaded in the times indicated. 



Time of 
Loading 


Oansitivity 


0 Eiin, 


0.00015 


0 Eiin. 


.00015 


0 roin. 


.00017 


$ sec. 


.00015 


‘ 13 soo. 


.00017 


' eeo. 


.00017 


sec. 


.ooolU 


1(3 sac . 


.03013 


70 sec. 


.00013 


180 sec. 


,00016 


270 sec. 


.ooolU 


3U0 sec. 


.00013 
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CRtt.3F TfcJT 2 



All sp«clsem Wire prepared ^fith coat 1203» driad at 1^0 F, cools4 In 
oven to iroosa tcesparatrirey and loadad in tieas indiaated* 



T1k« of 
Loading 

0 seo, 

5 soc* 

l5 s«c. 

15 sec, 

60 sec* 

100 sac, 

200 ceo, 

liOO sec. 

aoe* 



Sansttivity 



0,00020 

.OOOiii 

.OQOlIi 

.00016 

.00015 

.00020 



.00010 

.00013 

.0-3010 



Specimens for run of 200 seconds 4#nd U$0 seconds were very 
thick ecats. This accounts for tha loa strain replug. 
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CRSSP T£3T 3 



All spseinens wer« prepared witii eoat 1206, did.od at 12$ F, cooled in 
oven to rooo tosporature* and loaded In tines indicated. 



Tirse of 
loadir^ 


Oensitivity 


0 see. 


0,00030 


0 sec. 


.0X32 


5 c«o. 


,00030 


30 see. 


,oooix 


70 see. 


.00023 


l50 see. 


.OCXJliO 


250 sec. 


,00031 


seo , 


•ooouo 



Three opeeiaeaa were dried at rocaa teaperat^ire and loaded in times 
indicated. 



C see, 
0 sec* 
70 sec. 
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Fig. 1 
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Fig* 4 
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6 CARTIIOTEn L0/0)Ii:0 VmiCB 

This ahoTETi A oaiibratlcai bar aupporlsod at tho l«ft ©nd» and bearing 
up against fhtt o^.oa tiia right end* The adjusting serow is so«n ao tho 
top of tli® left snd* This ia tha unstr lined poaitlon of tl3« b r* 




Pig* 7 OABfItETBR tOADlBO WflCB 

This shows ofdihmtion >Mur in losdsd positic»a« This giwt kmmx etmins 
alonf^ bar surfaos* 





I 







Fig* 6 ^UbRAHOW SCAI8 

*hie 8onl9 ia o«Hora<!«d ■!» re<jJ along bw «\8 cv^.eod by 

•entileror lawlin^ dovioo* Th» bnr la pleood in so** 3.® fs sho’.’n, 
arxl the low»*t «ra.ck in llio ooRbing 1« a i3®«*t>y® of 8®naitlTity 
of the coatir^* 
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Pig, 9 DSYIHO CEAZB 

Bii» fhoto shows fee offeot and appearaaee of drying erase* Bae, left 
har ms heat treated before ealibration* fhe two on right were 
dried in air before ealibration* The baked bar shovre no dzying ezase 
and giTis good eraek delineation* She drying erase on ihe other two 
almost obliterated the strain eraoks glring poor appearanoe* less aec- 
uraey* and less sensitivity* 
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(Si^lamtlcA oa xmt pe^) 
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Pig. 11 VifilATIOH OF SENSmVIti p vuax THICKNESS 
All bars vore sprayed with coat '^1203« and dried at ISO F« The thick 
coat gi'ves the easiest and most sensitiTe roadingt <U3d the bubbles caused 
by heat treatment can be seen in this coat* The strip marked "R* was 
given light ir^iaet by dropping* Strip "10" ms out of the oven 10 min* 
before testing* strip "R", 2Cteiin** and all others* tested immediately* 




Fig, 12 VARIATIOH OF SEHSITIVITY BY COAT SELF>OTIOB 
Tliaso four speoixaens wsre dried for 24 hours at 100 F, and twre cooled 
in air 20 minutes before testing* VSiito narks indicate strain readings* 
ond the values of these readings are indicated. 




Fig* 13 
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